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Relative growth trend as an early selection parameter in a Douglas-fir provenance test 
Abstract 
Height data from 89 Douglas-fir provenances planted at 7 sites in Northern Spain were used 
to explore and discuss the utility of the relative height growth trend as an early selection 
parameter. Total height was measured at each site at different ages between 2 and 18 years 
after planting. A modification of the Joint Regression Analysis was used to analyze and 
interpret the provenance x age interaction at each site. The analyses of variance showed a 
significant provenance x age interaction in 5 out of the 7 sites. Most of this interaction at these 
sites was explained by the linear relation over years between the provenance mean height at 
each site and the overall site mean height. The relative growth trend was defined as the slope 
of these linear relations for each provenance and was considered as a temporal stability 
parameter. Both, the high genetic variability and the biological significance of this parameter 
suggest its applicability in early selection. A strong linear relationship was observed between 
this growth parameter and the initial provenance mean height at all sites where provenance x 
age interaction was significant, except one. This relationship indicates that the differences 
between provenances at an early stage will be hold up and amplified in future measurements 
and then, there is a relative security of early selection. One site showed no significant relation 
between the relative growth trend and the initial performance. At this site, rank changes 
among measurements are likely to be more frequent and early selection becomes harder. The 
use of the relative growth trend as an early selection parameter in such these sites improves 
the early selection efficiency. The results suggest that the relative growth trend can help in 
both the early selection and the evaluation of the early selection efficiency. 
Key Words 
Pseudotsuga menziesii, provenance, early selection efficiency, age to age correlation, 
breeding. 
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Introduction 
Time is a critical factor in the genetic improvement for long-lived species. Tree breeding 
programs are usually designed to maximize genetic gain per unit of time and look forward to 
determine the optimal age for selection. Early selection has been studied on different genetic 
materials, test conditions, and for different traits. Several authors have studied early selection 
for Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) provenances (Christophe and Birot 
1983, Bastien and Roman-Amat 1990).  
For Douglas-fir, some traits under strong genetic control like wood density (Vargas-
Hernández and Adams 1992), stem form (Temel and Adams 2000) and bud-flushing date (Li 
and Adams 1993) can be efficiently selected very early. However, the age to age correlation 
for height in Douglas-fir is very variable (Magnussen and Yanchuk 1993, Woods et al. 1995, 
Stonecypher et al. 1996), because growth traits vary widely according to several factors 
(Bastien and Roman-Amat 1990). The site and silvicultural effects (Bastien and Roman-Amat 
1990), the rotation age (Johnson et al. 1997), the method of selection applied (Woods et al. 
1995), the type of genetic entries (Nanson 1976) or the number of genetic entries and the 
number of trees per plot (Magnussen and Yanchuk 1993) are factors that influence the age to 
age correlation and, thus, the optimum selection age. For this reason, some risk is always 
assumed when selection is carried out at the younger ages. Generally, optimum selection age 
tends to be closer to rotation age, when risk is considered (Magnussen and Yanchuk 1993). 
Other growth parameters such as the annual growth increments, the growth rates or even 
several parameters derived from annual growth models have been found to be better 
predictors of mature yield than total height and, thus, should be better parameters for early 
selection (Kremer and Xu 1989, Kremer 1992, Héois 1994). 
The changes of height over time can be analyzed as a particular case of genotype x 
environment interaction (Kremer 1986, Alía et al. 1991, Merlo 2002). We have applied a 
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modification of the joint regression analysis (Finlay and Wilkinson 1963, Skrøppa 1984) to 
study the relative height growth of each genotype in relation to the average genotype. 
Whereas in the standard approach, individual entry means are plotted against different site 
means, in the proposed modification the genotype height means at each age are regressed over 
time on the overall site mean at each age. In the standard approach sites are independent. 
However, in the procedure used here, there is an autocorrelation over time for both the 
dependent and independent variables. This is likely to make deviations from regression less 
than they are in the standard application. Data used were obtained from height measurements 
between 2 and 18 years after planting in a Douglas-fir provenance test growing on 7 sites in 
Northern Spain. The use of the relative growth trend, defined as the slope of the regression 
over time between the provenance means and the overall site mean, as an early selection 
parameter is discussed.  
 
Material and Methods  
A series of trials was planted at 16 locations in Northern Spain between 1978 and 1981 to 
evaluate a total of 89 Douglas-fir provenances from Southern British Columbia, Washington, 
Oregon and Northern California (from the IUFRO provenance collection). A complete 
description of the 89 seed sources and the 16 plantation sites can be found in Toval et al. 
(1993). In this paper only 7 sites measured at least at three different ages were considered 
(Table 1).  
Each plantation, except that at Conforcal, followed a randomized complete block design with 
3 replications. Conforcal followed a randomized complete block design with 9 replications 
and 5-tree plots. Carballa site had 25-tree plots, whereas the remainder had 81 tree-plots. 
Spacing was 3 x 3 m in all sites. Each site received a subset of the seed source collection 
varying between 9 and 85 provenances per site (Table 1). 
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Height (H) and diameter at breast height (DBH) were measured in all plants at each site at 
different ages (Table 1). All analyses were based on mean values per plot. Analyses of 
variance were done for each site to study the provenance x age interaction, using the 
following model: 
Xijk = µ + Pi + Yj + Bk + PYij + BYjk + Eijk   (1) 
Where: Xijk is the value of the i
th
 provenance at the k
th
 block measured at age j, µ is the overall 
mean, Pi is the effect of the i
th
 provenance, Yj is the effect of the j
th
 age, Bk is the effect of the 
k
th
 block, PYij is the interaction between the i
th
 provenance measured at age j, BYjk is the 
interaction between the k
th
 block measured at age j, and Eijk is the experimental error. 
Analysis of the provenance x age interaction can be interpreted as a particular case of 
genotype x environment interaction (Kremer 1986, Alía et al. 1991). The many methods 
existing to analyze the genotype x environment interaction can be then used to analyze the 
genotype x age interaction. We have applied the joint regression analysis (Finlay and 
Wilkinson 1963, Skrøppa 1984) to analyze the evolution of a genotype over time in relation to 
the average genotype. This analysis was carried out at each site separately. The provenance 
mean height at each site was regressed over years against the overall site height mean 
(average height growth trend at each site): 
PYij = bi · Yj + δij      (2) 
where PYij is the mean height of the i
th
 provenance at age j, Yj is the site mean at age j, and bi 
and δij are the corresponding regression coefficients. 
The coefficient bi (slope) of these regressions evaluates the provenance height growth trend in 
relation to the average trend and can be considered as a temporal stability parameter for the 
given provenance (Finlay and Wilkinson 1963). A value close to 1 indicates an average trend, 
values over 1 indicate a higher rate growth and values bellow 1 indicate a lower growth trend. 
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The relation between the regression coefficients (bi), named relative growth trend, and the 
initial height of each provenance was analyzed graphically and by linear regression analyses. 
To homogenize the resulting graphics, the provenance mean height at age 5 (except age 6 at 
Conforcal, Gallina and Vecilla) was considered as the initial height.  
The mean square deviations (S
2
di) from the regression over years between the mean 
provenance height and the overall site mean height was also calculated and considered as a 
stability parameter that indicates the predictability of the response of a provenance according 
to the linear model (Eberhart and Russel 1966). 
Two more temporal stability parameters, based on the ranks of the provenance at each age, 
were considered to complete this study.  These are the S1i and S4i proposed by Hühn (1979) 
who wanted to avoid the problems involved in comparing measurements with different error 
variance. The first parameter expresses the average rank differences between all pairs of ages 
and can be calculated as follows: 
 
 
 
where rij is the rank of the i
th
 provenance at age j and n are the number of measurements. The 
S4i parameter can be interpreted as the standard deviation of the ranks of each provenance 
over measurements, and was calculated as follows: 
 
 
The relationships between the temporal stability parameters among the 7 sites were analyzed 
by Spearman rank correlation (Skrøppa 1984). 
To compare the predictive value of the initial height measurements and the relative growth 
trend, two genetic parameters were estimated. These were the genetic correlation (rg) and the 
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coefficient of genetic prediction (CGP) (Baradat, 1976) between each of these traits and the 
last measurement. 
The genetic correlation between traits x and y was calculated as follows: 
gygx
xy
g
COV
r σσ ·=  
where COVxy is the genetic covariance between traits x and y, and σgx and σgy are the square 
roots of the genetic variances of traits x and y respectively. 
The coefficient of genetic prediction (CGP) was estimated as (Baradat 1976): 
pypx
xy
xy
COV
CGP σσ ·=  
where σpx and σpy are the phenotypic standard deviations of traits x and y, respectively. 
Analyses were performed using the SAS system package (SAS 1989).  
 
Results 
A summary of the analyses of variance over years for each site is shown in Table 2. 
Obviously, the age at measurement is the main factor influencing height. The provenance 
effect was highly significant (p<0.01) in all sites, except in Salinas (p=0.22). The provenance 
x age interaction was significant in four sites (Ataun, Bande, Conforcal and Vecilla) and not 
significant in three sites (Carballa, Gallina and Salinas). However, the p-value of the 
provenance x age interaction in Gallina was near significant (p=0.06). The lack of 
significance for the interaction factor in Carballa and Salinas indicates a high correspondence 
between the different measurements at each site, i.e. there were no significant changes in rank 
among provenances in these sites. 
Table 2 also shows the decomposition of the provenance x age interaction, estimated by the 
joint regression analysis, for those sites where this interaction was significant, including 
Gallina because of its low interaction p-value. For all these five sites, the linear component of 
(6) 
(5) 
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the interaction was highly significant and explained most of the provenance x age interaction. 
The importance of the regressions (ratio between regression sum of squares and interaction 
sum of squares (Eberhart and Russel 1966)) was over 97% in all sites. Deviations from 
regression were not significant in any case. An example of the linear model is presented in 
Figure 1. As indicated by the joint regression analysis, slope differences among provenances 
can be observed, indicating different relative growth trends. 
Phenotypic correlations between height at different ages in each site are shown in Table 3. 
High correlation coefficients can be observed in all sites, especially between the two last 
measurements. As expected, the phenotypic correlation between the assessments increased, as 
time between assessment ages decreased. In some trials, as Gallina and Conforcal, the 
phenotypic correlation between the first and the last measurement is relatively low because 
the first measurement in these trials is as young as 2 years after planting. The sensitivity of 
Douglas-fir to post-planting stress is well known and Douglas-fir plants, two years after 
planting, may be not yet completely established. Lambeth (1980) found no age to age 
correlations in several Pinaceae species when early ages were between one to three years. 
A plot of the coefficient bi from regressions over years and the initial (age 5 or 6) provenance 
height is presented in Figure 2 for each site where provenance x age interaction was 
significant or nearly significant. These plots combine the initial performance and the relative 
growth trend of each provenance and, then, can be very useful for selection purpose (Alía et 
al. 1991, Merlo 2002). However, we will focus on the linear relationship found between both 
parameters: initial height and relative growth trend. In all sites except in Conforcal, the linear 
regression was significant with high r
2
 coefficients. In these sites, the tallest provenances at 
age 5 were those with the highest relative growth trends whereas the worst provenances at an 
early stage tend to have lower relative growth trends and they will get even worse with time.  
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The other temporal stability parameters (S
2
di, S1i, S4i) are of less interest than the coefficient 
bi  because all of them are highly influenced by the number of provenances tested at each site. 
The higher the number of provenances assessed at each site, the higher the values of these 
three stability parameters are. The rank correlation coefficients between the stability 
parameters and the initial height among all the 7 sites are presented in Table 4. No significant 
correlations were observed between the stability parameters, except between S1i and S4i, 
which are almost the same, probably due to the different number of provenances planted at 
each site. As observed previously for most sites (Figure 2), the coefficient bi is highly 
correlated with the initial relative height and also with the initial absolute height, but with a 
lower correlation coefficient. Other interesting correlations are those between the ranking 
stability parameters and the absolute height at age 5-6. These negative correlations indicate 
that those provenances with a low height at age 5-6 will be the most unstable provenances 
over time. That is, the tallest provenances at age 5-6 will keep their high ranks over time, 
whereas the smallest provenances at an early age could change their ranks and get better ranks 
when adults. 
 
Discussion 
Relative growth trend as a selection parameter 
The phenotypic correlations found here are similar to those found by other authors 
(Christophe and Birot 1983, Bastien and Roman-Amat 1990) and suggest a high efficiency of 
early selection in our provenance test. However, as Magnussen and Yanchuk (1993) pointed 
out, some risk is always assumed when selection is carried out at young ages. Despite the high 
phenotypic correlation observed here, the provenance x age interaction was significant in 
several sites (Table 2). Breaking down this interaction into its components by the joint 
regression analysis may be useful for interpreting the provenance x age interaction and its 
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implication in provenance rank changes among measurements. Most (more than 97%) of the 
provenance x age interaction was explained by the linear regressions, so the coefficients bi of 
these regressions can be used to interpret it. 
Analyzing the growth trend of each genetic entry instead of the height measurements or the 
age to age correlation between measurements, can be highly interesting to evaluate the risk 
and to help in the early selection. Total height of young trees has often been demonstrated to 
be a poor predictor of future yield (Larsen and Wellendorf 1990, Hogberg and Karlsson 1998, 
Hannerz et al. 1999). Despite that nothing is known about the height growth since the last 
measurement, the coefficient bi estimated at an early stage can be much more efficient as a 
selection parameter than the early total height measurements. Figure 3 shows an example of 
this comparing two hypothetical provenances measured at three early ages. Despite the 
provenance A in this figure has higher values of height at all measurements, the lower growth 
trend (lower coefficient bi) of this provenance could implicate that its height at the rotation 
age could be lower than that of provenance B. However, this consideration assumes that the 
linear relationship over measurements between each mean provenance height and the overall 
height mean site is held up until the rotation age.  
The coefficient bi has been usually used in genotype x environment interaction studies as a 
stability or adaptability parameter to help in the selection process (Hill et al. 1992, pp. 189-
196). Some authors have also used this parameter as a growth trend parameter in age to age 
correlation studies (Alía et al. 1991, Merlo 2002), using biplots to select those provenances 
with good initial performance and high relative growth trends. The relative growth trend (bi) 
variability among provenances within each site was high (data not presented) and, then, the 
coefficient bi might be a good selection parameter, especially when genotype x age interaction 
is present.  
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To compare the predictive value of the relative growth trend and the initial height 
measurements, Table 5 shows the genetic correlation (rg) and the coefficient of genetic 
prediction (CGP) between these parameters and the last measurement (H4). Both, rg and CGP 
are notably high for all parameters in all sites. However, slightly lower rg and CGP can be 
observed at Conforcal for initial heights. At this site, the use of bi or bi together with the third 
measurement (H4predicted = H3 + bi · (H4 –H3 ), whereH3 andH4 are the site mean at the 
third and fourth measurement respectively) as an early selection parameter improves both the 
rg and the CGP. Conforcal is the only site where provenance x age interaction is significant 
(Table 2) and the relative growth trend is not significantly related to the initial height (Figure 
2). It must be noted that the last measurement contributed in the calculation of bi and thus, rg 
and CGP between bi and the last measurement may not reflect the predictive value of bi. 
However, if the coefficients bi are calculated with only the first three measurements (data not 
presented) the rg and the CGP remained higher than those estimated for the third height 
measurement. 
 
Efficiency of early selection 
The high correlation found between the relative growth trend (coefficient bi) and the initial 
height (age 5-6) of each provenance (Figure 2), indicates that the best provenances at age 5-6 
tend to have higher growth trends than the site growth trend average, and then, they will get 
much better with time. On the contrary, the worst provenances at an early stage tend to have 
lower relative growth trends and they will get even worse with time. Because of this, the 
figure of the provenance height growths in relation to the site mean height will have a fan 
shape (Figure 1 and 4a). In this way, the differences between provenance heights at an early 
age will be hold up and amplified in future measurements and, thus, there is a relative security 
of early selection. 
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The fit of the linear regression between the coefficient bi and the initial height can be 
considered, then, as a parameter that evaluates the efficiency of an early selection. The better 
the fit of this regression, the higher the security that good provenance performance at an early 
stage will keep superior or even get better with time. 
In our study it is difficult to compare the fit of these regressions because of the different 
number of provenances assessed at each site. Four out of the five sites presented in Figure 2  
showed high r
2
 coefficients between the coefficient bi and the initial height. Despite the 
significant provenance x age interaction in these sites, the good fit of the regressions suggests 
that a reliable early selection can be carried out. However, no significant relationship between 
bi and the initial height was observed at Conforcal (Figure 2) and, thus, early selection at this 
site will be not as efficient as in the others. Some early good provenances at Conforcal may 
have lower relative growth trends and may become poor later, whereas provenances with low 
heights at early stages may have higher relative growth trends and may become relatively 
better with time. Provenance rank changes are likely to be more frequent when the relative 
growth trend and the initial height are not related. This can be observed in Figure 4, where the 
linear changes in height over time for each provenance in relation to the site mean height is 
presented for two opposite sites. In Bande, where there is a highly significant relationship 
between the coefficient bi and the initial height (Figure 2), the relative height growths have a 
fan shape. At this site the differences between provenance heights at an early age will be hold 
up and amplified in future measurements and rank changes among measurements are not 
important. On the contrary, in Conforcal (no significant relationship between bi and initial 
height), line crosses and rank changes among measurements are much more frequent. As 
discussed previously, the use of the relative growth trend as an early selection parameter 
improves the early selection efficiency in such these sites. 
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Usually, the efficiency of early selection is evaluated as a function of heritability and genetic 
or phenotypic correlation (Wu 1998). The site with the lowest phenotypic (Table 3) and 
genetic correlation (Table 5) between initial measurements and the last measurement, i.e. 
Conforcal, is the only one where the relative growth trend and the initial height are not 
significant related (Figure 2). Nevertheless, correlations at Conforcal are almost high enough 
to suggest a reliable early selection whereas in Figure 4b several and important rank changes 
between measurements can be observed. As indicated by several authors, these results suggest 
that several methods should be used to evaluate the early selection efficiency (Lambeth et al. 
1983, Williams 1987). 
 
Methodology considerations 
The utility of the relative growth trend as an early selection parameter and as a way to 
evaluate the efficiency of early selection will be only valid if the linear relation between 
provenance mean heights and site mean heights is held up beyond the last measurement until 
the rotation age. The expected rotation age for Douglas-fir in Northern Spain is around 50 
years and the last measurement age in this study is between 16 and 18 years after planting.  
According to Franklin (1979), the juvenile genotypic phase, during which height heritability 
decreases with age extends, in Douglas-fir, from age 1 to 15 in the field. This author also 
suggested that selection for gain in height should be deferred at least until half of rotation age. 
However, Bastien and Roman-Amat (1990) suggested that mature genotypic phase began 
much earlier (around age 6 after plantation), especially at favorable environmental conditions. 
Most of the studied sites have probably reached the mature genotypic phase at age 16-18 and, 
thus, no important relative changes in pattern growth should be expected among provenances. 
Nevertheless, half of the expected rotation age would be around 25 years, not so far from the 
last measurement (H4). 
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No further height measurements are available in the studied sites since age 16-18. However, 
diameter at breast height (DBH) has been measured in Bande at age 10, 16 and yearly since 
age 19 until age 23. Analyzing these data, the linear relation between provenance DBH means 
and overall site DBH means over years remained highly significant. All provenances showed 
r
2
 coefficients over 0.99 (p<0.0001). Nevertheless, the linearity of the regressions over years 
between provenance height mean and site height mean should be tested for older ages to 
confirm the validity of the proposed procedure. 
Other mathematical problem of the proposed methodology is that analyzing sites where too 
few provenances are assessed can reduce the utility of the relative growth trend as an early 
selection parameter. This objection results from the presence in the site-time mean of the 
provenance values which are to be regressed on it. With a low number of entries, a high 
proportion of the value of the independent variable, the site-time mean, is determined by the 
value of each entry. Hence, the relation between provenance mean and site mean is more 
likely and the relative growth trends are expected to be closer to 1. The lower the number of 
entries assessed at each site, the lower variation of the coefficients bi would be. It seems that a 
minimum number of provenances should be tested to ensure the benefit of the relative growth 
trend as an early selection parameter. Skrøppa (1984) has remarked the same objection 
against the joint regression technique in genotype x environmental studies. It is possible to 
omit the regressed genotype from the environmental index or make modifications in the 
estimation procedure (Skrøppa, 1984), but the practical significance of such modifications 
seems to be small (Snoad and Arthur 1976). 
Another important problem is the low number of points used in the estimation of the 
coefficients bi. Skrøppa (1984) recommended at least five points for these estimations. We are 
using 3 or 4 points for these estimations. However, the good fit of the regression lines in those 
sites where there are four measurements leads one to think that the estimation of this 
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coefficient when there are few points can be reasonably acceptable. As proposed by Bastien 
and Roman-Amat (1990) a maximum number of measurements should be taken during the 
early stages after trial establishment, in order to improve the estimation of the coefficient bi. 
These measurements should be carried out spanning both the establishment phase and the 
beginning of the long-term growth phase. A good estimation of this parameter would allow 
both to help in the selection process and to evaluate the early selection reliability.  
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Table 1.  Number of provenances assessed, plantation date and ages of height measurements 
at each site. 
Site No. 
prov 
Plantation 
date 
 Ages of measurements 
 H1 H2 H3 H4 
Ataun 15 Mar-80   5 11 16 
Bande 22 Dec-79   5 10 16 
Carballa 85 May-78   5 11 18 
Conforcal 18 Apr-81  2 6 10 17 
Gallina 12 Apr-81  2 6 10 17 
Salinas 15 Mar-80   5 11 16 
Vecilla 9 Apr-81   6 10 17 
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Table 2. Summary of the analyses of variance over years for height growth in the 7 studied 
sites, showing the components of the provenance x age interaction as estimated by joint 
regression. 
 Ataun  Bande  Carballa 
Source DF SS F   DF SS F   DF SS F  
Age 3 1815.7 1999.3 ***  2 747.9 754.1 ***  2 875.7 279.7 *** 
Block 2 1.2 2.0 ns  2 35.0 35.2 ***  2 19.1 6.1 ** 
Provenance 14 119.7 28.3 ***  21 125.3 12.0 ***  86 212.0 1.6 ** 
Block x Age 6 1.1 0.6 ns  4 19.1 9.6 ***  4 21.6 3.4 ** 
Prov x Age 42 57.2 4.5 ***  42 50.0 2.4 ***  172 161.4 0.6 ns 
    Regression 14 55.3 13.0 ***  21 49.8 4.8 ***  - - - - 
    Deviations 28 1.9 0.2 ns  21 0.2 0.0 ns  - - - - 
Error 111 33.6    126 62.5    509 796.9   
               
 Conforcal  Gallina  Salinas 
Source DF SS F   DF SS F   DF SS F  
Age 3 5147.9 1838.8 ***  3 702.6 558.0 ***  2 373.0 144.3 *** 
Block 8 38.8 5.2 ***  2 15.3 18.3 ***  2 61.7 23.9 *** 
Provenance 17 127.7 8.0 ***  11 34.2 7.4 ***  14 23.6 1.3 ns 
Block x Age 24 38.0 1.7 *  6 12.2 4.9 ***  4 18.8 3.6 ** 
Prov x Age 51 87.0 1.8 ***  33 20.8 1.5 ns  28 11.6 0.3 ns 
    Regression 17 86.3 5.4 ***  11 20.5 4.4 ***  - - - - 
    Deviations 34 0.7 0.0 ns  22 0.4 0.0 ns  - - - - 
Error 542 505.8    88 36.9    79 102.1   
               
 Vecilla           
Source DF SS F            
Age 2 309.2 685.3 ***           
Block 2 0.8 1.7 ns           
Provenance 8 20.7 11.5 ***           
Block x Age 4 0.2 0.2 ns           
Prov x Age 16 7.2 2.0 *           
    Regression 8 7.2 4.0 **           
    Deviations 8 0.0 0.0 ns           
Error 48 10.8             
Significance levels: *: P<0.05, **: P<0.01, ***: P<0.001. 
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Table 3. Pearson correlation coefficients between mean plot height at different ages at each 
site. 
Site n H1-H2 H1-H3 H1-H4 H2-H3 H2-H4 H3-H4 
Ataun 45 0.97*** 0.91*** 0.88*** 0.82*** 0.79*** 0.96*** 
Bande 66    0.95*** 0.92*** 0.98*** 
Carballa 261    0.80*** 0.72*** 0.95*** 
Conforcal 54 0.85*** 0.68*** 0.52*** 0.81*** 0.58*** 0.84*** 
Gallina 36 0.81*** 0.71*** 0.49** 0.94*** 0.76*** 0.88*** 
Salinas 45    0.96*** 0.91*** 0.97*** 
Vecilla 27    0.94*** 0.91*** 0.97*** 
 
H1, H2, H3 and H4: first, second, third and fourth height measurement at each site. See Table 1 
for concrete measurement ages at each site. 
n: number of elements used for correlation computation. 
Significance levels: *: P<0.05, **: P<0.01, ***: P<0.001. 
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Table 4. Spearman correlation coefficients between temporal stability parameters among all the 7 
provenance trials. Only coefficients significant at p<0.001 are presented. 
 Hi Hi REL bi S
2
di S1i S4i 
Initial height (Hi) 1.00 0.39 0.39 0.35 -0.64 -0.63 
Initial relative height (Hi REL)*  1.00 0.66    
Coefficient bi   1.00    
Deviations (S
2
di)    1.00   
Ranking stability (S1i)     1.00 0.99 
Ranking stability (S4i)      1.00 
 
* The initial relative height (Hi REL) is the ratio between the provenance mean height and the 
overall site mean height. 
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Table 5. Genetic correlation and coefficient of genetic prediction (CGP) between the last 
height measurement and the initial height measurements, the coefficient bi, and the predicted 
height at last age (H4 pre). 
 Genetic correlation  Coefficient of genetic prediction 
 H2
 a 
H3 
a 
bi H4 pre
b 
 H2 H3 bi H4 pre 
Ataun 1.01 1.01 1.00 1.01  0.89 0.92 0.89 0.91 
Bande 1.00 1.00 1.01 1.00  0.84 0.82 0.80 0.81 
Conforcal 0.58 0.85 0.98 0.99  0.44 0.58 0.66 0.66 
Gallina 0.89 0.95 0.99 0.99  0.66 0.66 0.53 0.62 
Vecilla 0.93 0.99 0.99 1.00  0.75 0.79 0.81 0.81 
 
a
 H2 and H3 are the second and third height measurement at each site. See Table 1 for concrete 
measurement ages at each site. 
b
 Predicted height at the last age. H4 pre = H3 + bi · (H4 –H3 ), whereH3 andH4 are the site 
mean at the third and fourth measurement respectively. 
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Figure 1. Height trend in Ataun for five provenances in relation to the average site height 
trend. Each point represents one measurement.   
 
Figure 2. Relationship between the coefficient bi from regressions over years and initial (age 
5-6) provenance mean height at each site. Horizontal dotted lines represent the average height 
trend (b = 1). 
 
Figure 3. Example of the relevance of the coefficient bi as a selection parameter. 
 
Figure 4. Comparison of the relative provenance height growths in relation to the site height 
means between two opposite sites. Black triangles denote site height mean at each 
measurement. 
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